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The thesis focuses on the issue of anomalous diffusion and heat conduction in 
low-dimensional systems. 
Firstly, we study diffusion processes of local fluctuations of heat, energy, 
momentum, and mass in three paradigmatic one-dimensional systems. For each 
system, diffusion processes of four physical quantities are simulated and the cross 
correlations between them are investigated. We find that, in all three systems, 
diffusion processes of energy and mass can be perfectly expressed as a linear 
combination of those of heat and momentum, suggesting that diffusion processes of 
heat and momentum may represent the heat mode and the sound mode in the 
hydrodynamic theory. In addition, the dynamic structure factor, which describes the 
diffusion behavior of local mass density fluctuations, is in general insufficient for 
probing diffusion processes of other quantities because in some cases there is no 
correlation between them. We also find that the diffusion behavior of heat can be 
qualitatively different from that of energy, and, as a result, previous studies trying to 
relate heat conduction to energy diffusion should be revisited. 
Secondly, we show that the asymmetric inter-particle interactions can induce 
rapid decay of heat current autocorrelation in one-dimensional momentum conserving 
lattices. When the asymmetry degree is appropriate, even exponential decay may arise. 
This fact suggests that the power-law decay predicted by the hydrodynamics may not 
be applied to the lattices with asymmetric inter-particle interactions and as a result, 
the Green-Kubo formula may instead lead to a convergent heat conductivity in the 
thermodynamic limit. The mechanism of the rapid decay is traced back to the fact that 
the local heat current has to drive a local mass current additionally in the presence of 
asymmetric inter-particle interactions. 
And then, we study the connection between heat diffusion and heat conduction in 
one-dimensional systems. Heat and energy are conceptually different, but often are 
assumed to be the same without justification. An effective method for investigating 
diffusion properties in equilibrium systems is discussed. With this method, we 













space variable, which has been accepted as a convention, may lead to misleading 
conclusions.  We then show that though in one-dimensional systems there is no 
general connection between energy diffusion and heat conduction, however, a general 
connection between heat diffusion and heat conduction may exist. Relaxation 
behavior of local energy current fluctuations and that of local heat current fluctuations 
are also studied. We find that they are significantly different, though the global energy 
current equals the globe heat current. 
Finally, we study the mechanism of finite-size effects in calculating the current 
correlation using periodic boundary conditions. It is found that configurations of 
finite-size systems with momentum conservation have a probability to recur 
themselves in equilibrium state, which is a generalization of the celebrated Fermi-
Pasta-Ulam recurrence. This phenomenon may result in the oscillation of the current 
correlation. It is also argued that sound-mode collisions due to the finite size of 
system may induce an extra decay of the current, which explains why the correlation 
functions calculated with shorter simulations sizes decay faster. A standard procedure 
for calculating the current correlation is suggested accordingly, based on which we 
find by simulations that the current correlation decays as 2/3~ t−  in the one-
dimensional diatomic hard-core gas model, confirming the theoretical predictions for 
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